Introduction {#section5-1758835920942377}
============

Gastric cancer is the fifth most common cancer and the third leading cause of cancer-related mortality worldwide.^[@bibr1-1758835920942377]^ Although fluoropyrimidine and platinum-based chemotherapy combination regimens (with trastuzumab for HER2-positive cases) as the first-line therapy and taxane agents with or without ramucirumab as the second-line are the standard treatment methods for advanced gastric cancer (AGC),^[@bibr2-1758835920942377][@bibr3-1758835920942377][@bibr4-1758835920942377][@bibr5-1758835920942377][@bibr6-1758835920942377]--[@bibr7-1758835920942377]^ the prognosis remains poor, with the median survival duration being approximately 1 year.

A phase III ATTRACTION-2 trial on anti-programmed cell death 1 (PD-1) antibody -- nivolumab -- demonstrated a survival benefit in patients with AGC after two or more previous lines of chemotherapy compared with placebo.^[@bibr8-1758835920942377]^ However, the objective response rate (ORR) was reported to be approximately 10%, and 50% of the patients exhibited early disease progression. This suggests the need to develop predictive factors that are useful for identifying patients in whom PD-1 blockade may achieve a better clinical outcome. Compared with supportive care alone, irinotecan, a DNA topoisomerase inhibitor, has been reported to improve survival when used as the second-line or third-line treatment for AGC.^[@bibr6-1758835920942377],[@bibr7-1758835920942377]^ The ORR with irinotecan reportedly ranged from 3% to 18% in second-line or third-line settings.^[@bibr7-1758835920942377],[@bibr9-1758835920942377][@bibr10-1758835920942377][@bibr11-1758835920942377]--[@bibr12-1758835920942377]^ In the ATTRACTION-2 trial, 75% of the overall population had been previously treated with irinotecan before study enrollment of patients.^[@bibr8-1758835920942377],[@bibr13-1758835920942377]^ The National Comprehensive Cancer Network Clinical Practice Guidelines and the European Society for Medical Oncology (ESMO) Clinical Practice Guidelines recommend irinotecan as the second-line or subsequent therapy treatment option for patients with AGC.^[@bibr14-1758835920942377],[@bibr15-1758835920942377]^ At present, the Pan-Asian-adapted ESMO Clinical Practice Guidelines and the Japanese gastric cancer treatment guidelines recommend both nivolumab and irinotecan as the third-line or later-line treatment option for patients with AGC.^[@bibr16-1758835920942377]^ However, it remains unclear whether to use nivolumab or irinotecan as a third- or later-line treatment. We have previously reported that several clinicopathological factors are associated with favorable or unfavorable outcomes following the use of nivolumab for AGC.^[@bibr17-1758835920942377],[@bibr18-1758835920942377]^ However, currently only few studies have focused on head-to-head comparison of nivolumab and irinotecan in patients with AGC in third- or later-line settings. Considering that several clinical trials on anti-PD-1 therapies for AGC are ongoing in the front-line setting, a prospective comparison of these drugs may not be investigated in the future. Therefore, the present retrospective study compared nivolumab *versus* irinotecan to clarify the clinical and molecular factors that can be used for optimal drug selection in patients with AGC.

Methods {#section6-1758835920942377}
=======

Patients {#section7-1758835920942377}
--------

This retrospective study evaluated patients with AGC treated with nivolumab or irinotecan (nivolumab or irinotecan group, respectively) following two or more previous lines of chemotherapy. The study included patients treated from May 2016 to April 2019 at the National Cancer Center Hospital East, Kashiwa, Chiba, Japan. Patients received 3 mg/kg nivolumab or 150 mg/m^2^ irinotecan monotherapy intravenously every 2 weeks as the third- or later-line of therapy. The dose of irinotecan could be reduced at the investigator's judgment. Patients who met the following criteria were included: (a) presence of histologically proven gastric adenocarcinoma; (b) history of previous treatment with two or more regimens, including first-line fluoropyrimidine-based regimens and second-line taxane-based regimens; (c) received at least one administration of nivolumab or irinotecan; and (d) an Eastern Cooperative Oncology Group performance status (ECOG PS) of 0--2. This study was performed under an institutional review board waiver in accordance with the Japanese ethical guidelines for epidemiologic research. All procedures followed in this study were in accordance with the Declaration of Helsinki of 1964 and the later versions and the Japanese Ethical Guidelines for Medical and Health Research Involving Human Subjects. All the patients provided written informed consent prior to chemotherapy. Further, patients who underwent biomarker analysis provided written informed consent for the analysis. The study protocol of biomarker research was approved by the Institutional Review Board of National Cancer Center Japan.

Molecular characteristics {#section8-1758835920942377}
-------------------------

Molecular characteristics such as the status of the human epidermal growth factor receptor 2 (HER2), programmed cell death ligand 1 (PD-L1), mismatch repair (MMR) and Epstein--Barr virus (EBV) were analyzed with formalin-fixed paraffin-embedded tissue specimens from archival tissue samples if available. Immunohistochemistry (IHC) using a monoclonal anti-HER2 antibody \[PATHWAY HER2 (4B5), Ventana, Tucson, AZ, USA\] and fluorescence *in situ* hybridization (FISH) using the PathVysion HER-2 probe kit (Abbott Laboratories, Abbott Park, IL, USA) were performed to assess the HER2 status. HER2 positivity was defined as an IHC score of 3+ or an IHC score of 2+ and a FISH-positive status. PD-L1 expression was assessed by IHC using an anti-PD-L1 rabbit monoclonal antibody (Clone SP142 or SP263, Ventana) and measured using the combined positive score (CPS), defined as the number of PD-L1-positive cells (tumor cells, lymphocytes and macrophages) as a proportion of the total number of tumor cells multiplied by 100. MMR status was assessed by IHC using monoclonal antibodies for anti-mutL homolog 1 (MLH1, ES05), anti-mutS homolog 2 (MSH2, FE11), anti-postmeiotic segregation increased 2 (PMS2, EP51) and anti-mutS homolog 6 (MSH6, EP49) (Agilent Technologies, Santa Clara, CA, USA), and tumors that lacked either MLH1, MSH2, PMS2 or MSH6 expression were considered as MMR-deficient (MMR-D) tumors, whereas those that maintained the expression of MLH1, MSH2, PMS2 and MSH6 were considered MMR-proficient tumors. Chromogenic *in situ* hybridization was performed for EBV-encoded RNA (EBER) using fluorescein-labeled oligonucleotide probes (INFORM EBER Probe, Ventana) to evaluate the EBV status.^[@bibr19-1758835920942377]^ All the specimens in the present study were reviewed by a single author (Takeshi Kuwata).

Outcomes {#section9-1758835920942377}
--------

We assessed the ORR, disease control rate (DCR), duration of response (DOR), progression-free survival (PFS) and overall survival (OS). Tumor response was retrospectively assessed in patients with measurable lesions according to the guidelines of the Response Evaluation Criteria in Solid Tumors version 1.1. ORR was defined as the proportion of patients with the best overall complete response (CR) or partial response (PR). DCR was defined as the proportion of patients with the best overall CR, PR or stable disease. DOR was defined as the time from the date of first response (CR or PR) until the date of disease progression or death.

Statistical analysis {#section10-1758835920942377}
--------------------

The baseline characteristics and response rates were compared using χ^2^ test or Fisher's exact test. DOR, PFS and OS rates were estimated by the Kaplan--Meier method, compared between the nivolumab and irinotecan groups using Cox proportional hazards models, and presented as hazard ratios (HRs) with 95% confidence intervals (CIs). The 6-month PFS rate and the 12-month OS rate were compared between patients with nivolumab and those with irinotecan using statistical tests based on normal distribution. The predictive factors for PFS and OS were explored using subgroup analyses and interaction tests. The cut-off point for a large tumor size (⩾59.4 mm) was determined according to the sum of the diameters of the target lesion at baseline, which was associated with hyper progressive disease (HPD) during nivolumab treatment in the previous report.^[@bibr18-1758835920942377]^ Univariate survival analysis was conducted to identify the clinical and molecular factors associated with PFS (HR of nivolumab to irinotecan \> 1.25). HR \>1.25 was determined according to the phase III KEYNOTE-061 trial showing a trend of worse PFS (HR 1.27) for pembrolizumab (anti-PD-1 antibody) compared with that for paclitaxel.^[@bibr20-1758835920942377]^ Statistical analyses were performed using the SPSS^®^ Statistics software V26 (IBM, Armonk, NY, USA). All tests were two sided, and *p* values of \< 0.05 were considered statistically significant.

Results {#section11-1758835920942377}
=======

Patients' characteristics {#section12-1758835920942377}
-------------------------

A total of 156 patients met all the criteria; 74 patients received nivolumab first and 82 patients received irinotecan first. Among the 74 patients in the nivolumab group, 20 patients (27%) had subsequently received irinotecan, whereas among the 82 patients in the irinotecan group, 23 (28%) received nivolumab subsequently. There was no significant difference in the patients' characteristics between the two groups ([Table 1](#table1-1758835920942377){ref-type="table"}). Data on HER2, CPS, MMR and EBV were available in 156, 106, 140 and 142 patients. Among the 74 and 82 patients in the nivolumab and irinotecan groups, 10 patients in each group (14% *versus* 12%) showed HER2-positive tumors. PD-L1 expression was assessed by IHC, mainly using SP263 (74%) and partially using SP142 (26%). The proportion of patients with CPS ⩾1 was not different between SP263 and SP142 (86% *versus* 79%). Overall, 47 of 54 patients (87%) and 42 of 52 patients (81%) showed CPS ⩾1 in the nivolumab and irinotecan groups, respectively. MMR-D tumors were reported in four of 65 patients (6%) in the nivolumab group and two of 75 patients (3%) in the irinotecan group. An EBV-positive status was observed in three of 66 patients (5%) in the nivolumab group and six of 76 patients (8%) in the irinotecan group.

###### 

Patients characteristics.

![](10.1177_1758835920942377-table1)

                                                       Nivolumab group(*n* = 74) (%)   Irinotecan group(*n* = 82) (%)   *p* value
  --------------------------------- ------------------ ------------------------------- -------------------------------- -----------
  Age, years                        Median             67                              68                               0.795
  Sex                               Male               51 (69)                         53 (65)                          0.613
                                    Female             23 (31)                         29 (35)                          
  ECOG PS                           0                  41 (55)                         42 (51)                          0.632
                                    ⩾1                 33 (45)                         40 (49)                          
  Histology                         Intestinal         21 (29)                         25 (31)                          1.000
                                    Diffuse            51 (71)                         53 (65)                          
  Primary site                      Gastroesophageal   13 (18)                         8 (10)                           0.167
                                    Gastric            61 (82)                         74 (90)                          
  Number of previous chemotherapy   2                  60 (81)                         68 (83)                          0.836
                                    ⩾3                 14 (19)                         14 (17)                          
  Site of metastasis                Lymph node         58 (78)                         56 (68)                          0.206
                                    Peritoneum         44 (60)                         44 (54)                          0.591
                                    Liver              27 (37)                         37 (45)                          0.329
                                    Other              16 (22)                         22 (27)                          0.463

ECOG PS, Eastern Cooperative Oncology Group performance status

Response to treatment {#section13-1758835920942377}
---------------------

The Kaplan--Meier analysis estimated a median follow-up of 11.5 months (95% CI 9.1--14.0) in the nivolumab group and 12.6 months (95% CI 7.8--17.4) in the irinotecan group. Overall, 20 patients in the nivolumab group and six patients in the irinotecan group had PR, resulting in 18% and 8% ORR for each treatment, respectively (*p* = 0.13). Median DOR was not achieved with nivolumab, whereas a median DOR of 4.1 months (95% CI 2.5--5.8) was achieved with irinotecan (HR 0.22; 95% CI 0.06--0.80; *p* = 0.021). Disease control was achieved in 29 patients each in the nivolumab (43%) and the irinotecan (39%) group (*p* = 1.00) ([Table 2](#table2-1758835920942377){ref-type="table"}).

###### 

Overall response.

![](10.1177_1758835920942377-table2)

                        Nivolumab group*n* = 74   Irinotecan group*n* = 82   *p* value
  --------------------- ------------------------- -------------------------- -----------
  Measurable lesion +   67                        72                         
  CR                    0                         0                          
  PR                    12                        6                          
  SD                    17                        23                         
  PD                    34                        37                         
  NE                    4                         7                          
  ORR (%)               12 (18%)                  6 (8%)                     0.13
  DCR (%)               29 (43%)                  28 (39%)                   1.00

CR, complete response; DCR, disease control rate; NE, not evaluated; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable disease

The median PFS was 1.9 months both in the nivolumab (95% CI 1.4−2.3) and in the irinotecan (95% CI 1.5−2.2) group (HR 0.85; 95% CI 0.61--1.20; *p* = 0.356) ([Figure 1](#fig1-1758835920942377){ref-type="fig"}). The 6-month PFS rate was 16% and 7% in the nivolumab and irinotecan groups, respectively (*p* = 0.048). The median OS was 7.2 (95% CI 4.7−9.2) and 6.2 months in the nivolumab and irinotecan groups (95% CI 5.4−7.0) (HR 0.74; 95% CI 0.49--1.11; *p* = 0.143) ([Figure 2](#fig2-1758835920942377){ref-type="fig"}). The 12-month OS rate was 40% in the nivolumab and 17% in the irinotecan group (*p* = 0.004).

![Kaplan--Meier plots of progression-free survival.\
CI, confidence interval; HR, hazard ratio; IRI, irinotecan; mo, month; NIVO, nivolumab; PFS, progression-free survival](10.1177_1758835920942377-fig1){#fig1-1758835920942377}

![Kaplan--Meier plots of overall survival.\
CI, confidence interval; HR, hazard ratio; IRI, irinotecan; mo, month; NIVO, nivolumab; OS, overall survival; Pts, patients](10.1177_1758835920942377-fig2){#fig2-1758835920942377}

Subgroup analysis by clinical and molecular factors {#section14-1758835920942377}
---------------------------------------------------

Subgroup analysis identified ECOG PS of 1 or more (HR 1.27; 95% CI 0.78−2.72), presence of liver metastasis (HR 1.61; 95% CI 0.96−2.72), a large tumor size at baseline (HR 1.90; 95% CI 0.98−3.68) and HER2-positive status (HR 3.04; 95% CI 1.06−8.67) as factors associated with a worse PFS in the nivolumab group compared with that in the irinotecan group (HR \> 1.25) \[[Figure 3(a)](#fig3-1758835920942377){ref-type="fig"}\]. In patients with 0 or 1 factor, the nivolumab group showed a significantly longer PFS (median 3.1 *versus* 2.0 months, HR 0.56; 95% CI 0.34−0.92, *p* \< 0.021) and OS (median 12.9 *versus* 7.8 months, HR 0.45; 95% CI 0.24−0.83, *p* \< 0.011) than the irinotecan group. In patients with ⩾2 factors, the irinotecan group showed a significantly longer PFS (median 1.0 *versus* 1.8 months, HR 2.11; 95% CI 1.22−3.64, *p* \< 0.007) and a trend of longer OS (median 3.9 *versus* 6.1 months, HR 1.46; 95% CI 0.77−2.75, *p* = 0.247) than the nivolumab group ([Figures 4](#fig4-1758835920942377){ref-type="fig"} and [5](#fig5-1758835920942377){ref-type="fig"}). Furthermore, the HR of nivolumab to irinotecan for PFS and OS tended to be higher as the number of factors increased \[[Figure 3(a)](#fig3-1758835920942377){ref-type="fig"} and ([b](#fig3-1758835920942377){ref-type="fig"})\]. The median PFS of patients with PD-L1 CPS ⩾1 was 1.9 and 1.8 months in the nivolumab (95% CI 1.0−2.7) and irinotecan (95% CI 1.6−2.1) groups, respectively (HR 0.77; 95% CI 0.49--1.21; *p* = 0.26). The median PFS of patients with CPS \<1 was 3.1 and 1.2 months in the nivolumab (95% CI 0.0−7.5) and irinotecan (95% CI 0.8−1.6) groups, respectively (HR 0.63; 95% CI 0.22--1.82; *p* = 0.40). [Table 3](#table3-1758835920942377){ref-type="table"} shows the clinical factors and outcomes in patients with a MMR-D tumor and an EBV-positive status. Any patient with a MMR-D tumor and an EBV-positive status did not show a HER2-positive status. All the patients with MMR-D tumors and EBV-positive status (except for one EBV-positive patient without a CPS status) showed CPS ⩾1. Among the four patients with MMR-D tumors, three showed a durable response in the nivolumab group, whereas two patients with MMR-D tumors did not show an objective response in the irinotecan group. Moreover, two of the three patients in the nivolumab group and one of the five patients in the irinotecan group with an EBV-positive status showed an objective response.

![Subgroup analyses by clinical and molecular factors. (a) Forest plot of progression-free survival. (b) Forest plot of overall survival.\
CI, confidence interval; CPS, combined positive score; EBV, Epstein--Barr virus; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; meta, metastasis; MMR, mismatch repair; MMR-D, MMR deficient; MMR-P, MMR proficient; PS, performance status.](10.1177_1758835920942377-fig3){#fig3-1758835920942377}

![Kaplan--Meier plots of progression-free survival according to the number of factors.\
CI, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; IRI, irinotecan; meta, metastasis; NIVO, nivolumab; PFS, progression-free survival; PS, performance status.](10.1177_1758835920942377-fig4){#fig4-1758835920942377}

![Kaplan--Meier plots of overall survival according to the number of factors.\
CI, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; IRI, irinotecan; meta, metastasis; NIVO, nivolumab; OS, overall survival; PFS, progression-free survival; PS, performance status.](10.1177_1758835920942377-fig5){#fig5-1758835920942377}

###### 

Clinical factors and outcomes in patients with MMR-D tumors and EBV-positive status.

![](10.1177_1758835920942377-table3)

  Treatment    MMR-D   EBV   Age (years)   Sex      PS   CPS ⩾1   Best response   PFS (months)   OS (months)
  ------------ ------- ----- ------------- -------- ---- -------- --------------- -------------- -------------
  Nivolumab    \+      −     79            Female   0    \+       PR              16.6+          16.6+
  Nivolumab    \+      −     84            Male     1    \+       PR              12.1+          12.1+
  Nivolumab    \+      −     77            Male     1    \+       PR              4.9            6.2+
  Nivolumab    \+      −     68            Female   1    \+       PD              0.8            1.5
  Irinotecan   \+      −     76            Female   1    \+       PD              1.6            4.9
  Irinotecan   \+      −     62            Male     1    \+       SD              0.8            6.2
  Nivolumab    −       \+    43            Male     0    \+       PR              33.4+          33.4+
  Nivolumab    −       \+    69            Male     0    \+       SD              3.8            30.4
  Nivolumab    −       \+    72            Male     0    \+       PR              3.5            5.6+
  Irinotecan   −       \+    66            Female   1    \+       SD              3.9            5.2
  Irinotecan   −       \+    67            Male     0    \+       SD              3              13.5
  Irinotecan   −       \+    56            Male     0    \+       PR              4.1            15.4
  Irinotecan   −       \+    61            Male     1    \+       PD              1.1            3.4
  Irinotecan   −       \+    81            Male     1    NA       SD              4.7            8.4

CPS, combined positive score; EBV, Epstein--Barr virus; MMR-D, mismatch repair deficient; NA, not available; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; PS, performance status; SD, stable disease

Discussion {#section15-1758835920942377}
==========

This study retrospectively investigated the outcomes of using nivolumab or irinotecan as the third- or later-line treatment in patients with AGC. To the best of our knowledge, this is the first report to provide detailed information on the clinical and molecular features comparing these drugs in patients with AGC.

In our patient cohort, survival outcomes were not significantly different between patients who received nivolumab and those who received irinotecan. This observation is almost consistent with the results of a previous randomized study that compared avelumab as an anti-PD-L1 monoclonal antibody *versus* a standard third-line chemotherapy.^[@bibr12-1758835920942377]^ The Kaplan--Meier plots of PFS and OS in the overall population suggested that compared with those who received irinotecan, some patients who received nivolumab exhibited early disease progression with a poor prognosis. The curves of PFS and OS crossed at approximately 3 and 6 months, respectively, and then the separation in favor of nivolumab was sustained, probably due to the durability of benefit in patients who achieved a response. The long-term survival benefit in patients who received nivolumab compared with those who received irinotecan was also suggested by the 6-month PFS rates of 16% *versus* 7% and the 12-month OS rates of 40% *versus* 17%. The crossing of survival curves has also been observed in a phase III KEYNOTE-061 study comparing the efficacy of paclitaxel and pembrolizumab as the second-line treatment in patients with AGC and a phase III KEYNOTE-062 study comparing the efficacy of cytotoxic agents and pembrolizumab monotherapy in patients with untreated AGC.^[@bibr20-1758835920942377],[@bibr21-1758835920942377]^ Such previous studies highlight the wide range of the survival benefit of anti-PD-1 treatments for AGC.

We also conducted a subgroup analysis according to clinical and molecular factors and found that an ECOG PS of 1 or more, liver metastasis, a large tumor size at baseline, and a HER2-positive status were associated with a worse PFS in the nivolumab group compared with that in the irinotecan group. As stated previously, we have previously reported that an ECOG PS of 1 or more, liver metastasis, and a large tumor size at baseline were significantly associated with HPD when nivolumab was administered in patients with AGC.^[@bibr18-1758835920942377]^ Another study has demonstrated that an ECOG PS of 1 or more and the presence of two or more metastatic sites were associated with a trend of higher frequencies of HPD, although there was no significant difference.^[@bibr22-1758835920942377]^ Furthermore, the results of the subgroup analysis of phase II and III trials of pembrolizumab have shown that a better performance status (PS) is associated with a higher response rate and longer OS.^[@bibr20-1758835920942377],[@bibr23-1758835920942377]^ Although the exact explanations for the correlation between PS and the clinical outcomes of PD-1 blockade have not been established, it is sometimes difficult to continue treatment in patients with a poor PS for sufficient duration to achieve a response. Liver metastasis has also been suggested to decrease the probability of a response to anti-PD-1/PD-L1 therapies because of liver-induced immune tolerance.^[@bibr24-1758835920942377][@bibr25-1758835920942377][@bibr26-1758835920942377]--[@bibr27-1758835920942377]^ Tumor burden has also shown to negatively affect tumor response and survival after anti-PD-1 blockade, particularly when T-cell re-invigoration in the peripheral blood was not sufficient.^[@bibr28-1758835920942377],[@bibr29-1758835920942377]^ It has been reported that HER2 alterations in gastric cancer are associated with decreased immunogenicity in terms of immune-related gene mRNA expression, immune infiltrates and neoantigen levels,^[@bibr30-1758835920942377],[@bibr31-1758835920942377]^ although an exploratory subgroup analysis of a phase III ATTRACTION-2 trial has demonstrated that compared with placebo, nivolumab improves OS, PFS and ORR regardless of prior trastuzumab use in patients with AGC.^[@bibr32-1758835920942377]^ Meanwhile, a preclinical study has reported that the combination of anti-PD-1 and anti-HER2 therapy induces T-cell activation and augments antibody-dependent cellular cytotoxicity, which might lead to promising results following the addition of trastuzumab + pembrolizumab to the first-line chemotherapy in the phase II study.^[@bibr33-1758835920942377]^ The impact of an HER2-positive status on the efficacy of anti-PD-1 monotherapy or combined activities of anti-PD-1 and anti-HER2 therapy warrants further investigations. Importantly, the prognostic effect exerted by the combination of these clinical and molecular factors in the present study was significantly pronounced in patients who received nivolumab compared with those who received irinotecan. This suggests that these clinicopathogical factors affect the efficacy of immunotherapy rather than cytotoxic chemotherapy. The HR of nivolumab to irinotecan for PFS and OS tended to be higher as the number of these factors increased. Therefore, further analysis is warranted to determine why the prognostic effect differs between two treatments.

Owing to the overall small number of patients with MMR-D tumors and EBV-positive status, we could not evaluate the exact impact of these molecular factors on the selection of nivolumab or irinotecan. However, three of the four patients with MMR-D tumors and two of the three patients with an EBV-positive status in the nivolumab group achieved an objective response, which is consistent with that reported previously.^[@bibr34-1758835920942377]^ Although these results tend to support the prior use of nivolumab to irinotecan as the third- or later-line of therapy in patients with AGC with MMR-D tumors and EBV-positive status, further evaluation is warranted in a larger cohort.

The importance of patient selection is also suggested by the first-line trial of pembrolizumab.^[@bibr34-1758835920942377]^ In the phase III KEYNOTE-062 trial, an ECOG PS of 0 (HR 0.87), small tumor size (HR 0.78) and MMR-D tumor (HR 0.29) were associated with a trend of better OS with pembrolizumab compared with chemotherapy in the first-line setting. These observations were almost comparable to the results of our present study.

This study had some limitations. First, this was a single-institution study with a limited sample size. Second, PD-L1 expression, MMR status and EBV status were not analyzed in all the patients. These limitations can be overcome by a larger cohort analysis. Third, the selection of nivolumab or irinotecan after the approval of nivolumab in Japan was based on the investigator's judgment, thus inducing potential selection bias.

Conclusion {#section16-1758835920942377}
==========

In the present study, we identified clinical and molecular factors associated with the outcomes of nivolumab or irinotecan therapy in patients with AGC. Importantly, the HR of nivolumab to irinotecan for PFS and OS tended to be higher with an increasing number of factors. Combining these factors may be useful in drug selection. For instance, nivolumab might be suitable for patients with a good PS and a small tumor size, whereas irinotecan can be more appropriate than nivolumab in patients with a poor PS and a large liver metastasis. Trifluridine/tipiracil was recently approved in the United States and Japan owing to its effectiveness as the third- or later-line treatment for AGC.^[@bibr35-1758835920942377]^ Thus, the optimal selection of nivolumab, irinotecan or trifluridine/tipiracil should be investigated in future studies.
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